Objective: This study compared the clinicopathological features and survival of metastatic prostate cancer (mPCa) after stratification by age and non-bone-related metastasis to identify prognostic factors. Methods: Patients with mPCa between 2010 and 2015 were identified from the Surveillance, Epidemiology and End Results database and analyzed. The overall survival (OS) rate was assessed using the Kaplan-Meier curve and log-rank test as well as multivariate Cox regression analysis. Results: Among the 10147 patients with mPCa, 5378 were classified as young (≤70 years), 3140 were classified as middle-aged (70-82 years), and 1629 were classified as elderly (> 82 years). The younger patients with a single site metastasis with non-regional lymph nodes (NRLN) had a better prognosis than those with bone metastasis [hazard ratio (HR), 0.59, 95% confidence interval (CI), 0.47-0.73, P < 0.001], whereas patients with liver metastasis had the worst OS rate (P = 0.001). Moreover, patients in the middle-aged group with NRLN or lung metastasis had a better prognosis than those with bone metastasis (P < 0.05). The OS rate of patient with bone + liver and bone + brain metastasis was poorer (P < 0.001) than those with bone + NRLN metastasis in the younger patients (P < 0.05). The elder patients with bone + lung metastasis had the worst OS (HR, 1.54; 95% CI, 1.25-1.90, P < 0.001), although the death risk of patients with bone + brain and bone + NRLN metastasis not significantly different (P > 0.05). However, the OS of the patients with bone + liver metastasis remained the worst (P < 0.001). Conclusions: Prostate cancer patients with lung metastasis or younger patients (≤70 years old) with bone + lung metastases had better OS than patients with other types of metastasis or old age.
Introduction
Prostate cancer is the second most common malignancy in men globally, accounting for 1.1 million new cases and more than 300,000 cancer-related deaths worldwide in 2012 [1] . In the United States, there will be an estimated 164,690 new cases of prostate cancer to be diagnosed and 29, 430 cancer-related deaths in 2018 [2] . The risk factors in the development of prostate cancer include an older age, a family history of prostate cancer, and race [3, 4] . The median age of prostate cancer diagnosis is 66 years, and the majority of prostate cancer survivors (64%) are over 70 years of age and it is rare to receive a Ivyspring International Publisher prostate cancer diagnosis under the age of 50 years (less than 1%) [5] . Prostate cancer frequently metastasizes to the lymph node and bone [6, 7] . However, up to 15% of prostate cancer cases show metastasis to sites other than bone and regional lymph nodes at diagnosis [8, 9] . Treatment is not required for cases of low-grade prostate cancer occurring in elderly men, whereas cases with a higher Gleason score and metastasis can be treated through chemoradiotherapy, endocrine therapy or surgery [10] . Recently, local treatment has been tried for metastatic prostate cancer (mPCa), especially for oligo-metastatic cases [11] .
Most localized prostate cancer cases have had favorable 5-year overall survival rate (99%), whereas only 28% of distantly mPCa show 5-year survival in the United States [10] . The prognosis of mPCa depends on different parameters of the clinicopathological factors, such as the level of the prostate-specific antigen (PSA) [12] , the Gleason score [13] , the lymph node status [14] , and recurrence [15, 16] . A previous study showed that the age at diagnosis also plays an important role in the prognosis of prostate cancer [17] ; there are few studies to date that have focused on the role of age in the survival of patients with mPCa. Recent studies have, however, evaluated the prognosis of castration-resistant prostate cancer with different metastatic sites [18, 19] . Thus, accurately understanding the characteristics of prostate cancer metastasis could help medical oncologists to predict the prognosis of prostate cancer and provide treatment decisions for these patients. In this study, we compared the clinicopathological features and survival of mPCa to stratify age and non-bone-related metastasis as prognostic factors.
Methods

Database and patient selections
The Surveillance Epidemiology and End Results (SEER) database is a population-based cancer registration system that covers approximately 28% of the total population in the United States [https://seer.cancer.gov/]. In this study, we utilized the SEER* Stat 8.3.5 software to query data from 18 SEER registries using the following criteria: primary prostate adenocarcinoma at all stages, including M1a-c [AJCC cancer staging manual, 7th edition [20] . Patients with unknown sites of cancer metastasis, unknown ages, and unknown survival data were excluded.
Defining of metastasis sites
The CS data collection system is a joint initiative, sponsored by the AJCC, to simplify staging data in cancer registrations. Specifically, the "CS mets at dx (2004+)" CS parameter includes information of the metastasis sites at diagnosis. We used this parameter in the search terms to obtain patients with information regarding metastatic sites, i.e., non-regional lymph nodes (NRLN) only metastasis (code, 11, 12, and 20) , which has no visceral metastasis; bone only metastasis (code, 30), which has no visceral metastasis; bone + NRLN metastasis (code, 35), which has no visceral metastatic; all other sites ± NRLN metastasis (Code, 38, 40, 50, 58, and 55). Cases of visceral metastasis were divided into the lung only, liver only, and brain only metastases as well as the bone + lung, bone + liver, and bone + brain metastasis, namely the bone-related metastases.
Statistical analysis
We utilized the X-tile software v3.6.1 (Yale University, New Haven, CT, USA) to determine the optimal cut-off values for age [21] and used SPSS v24.0 (SPSS Inc., Chicago, IL, USA) for all of the statistical analyses of the data. In brief, the clinicopathological characteristics of the patients were compared using Pearson's chi-square test and the Kaplan-Meier method was used to generate the overall survival for the log-rank test to assess differences in survival between groups. The multivariate Cox regression analysis was used to determine the association with overall survival (OS) rate and the OS rate was defined as the time from diagnosis of prostate cancer to death due to any cause. The hazards ratio (HR) and the 95% confidence interval (95% CI) were also generated for statistically significant values of data. A p value < 0.05 was considered to be statistically significant.
Results
Characteristics of patients
In this study, we searched the SEER database to identify a total of 10,471 patients with mPCa who were diagnosed between 2010 and 2015. And we used the X-tile software to divide age into three groups ( Figure 1 ). For example, among the total population of patients, 5378 (53%) were diagnosed at ages ≤ 70 years old, which we classified as the younger-aged group, 3140 (30.9%, 70-82 years old) patients were classified as the middle-aged group, and 1629 (16.1%) was placed in the elderly-aged group (> 82 years old). The median age at prostate cancer diagnosis was 70 years old with an overall median follow-up time of 16 months and an interquartile range (IQR) of 7-30 months.
Significant differences were observed in the insurance and marital status, race, the PSA level, Gleason score, T staging, N staging, surgery, radiotherapy, chemotherapy, and metastasis sites between patients (P < 0.001; Table 1 ). Specifically, more Caucasian patients were diagnosed with mPCa in the elderly-aged group than in the younger-or middle-aged groups (69.1% vs. 77.7% and 82.4%, respectively, P < 0.001). In addition, prostate cancer was more aggressive (T1/T2 vs. T3/T4 diseases) in patients in the younger-aged group than in the cases that were diagnosed in the middle-or elderly-aged groups (25.1% vs. 19.9% and 17%, respectively, P < 0.001). The rate of the lymph node involvement was higher in the younger-aged group than in the middleor elderly-aged groups (33.7% vs. 23.5% and 17.1%, P < 0.001). However, data on the T stage and N stage were not available for all patients in this SEER database. In regards to treatment, the surgery and chemoradiotherapy rate was significantly higher in the patients in the younger-and middle-aged groups than in the patients in the elderly-aged group (P < 0.001). 
Age-related patterns of prostate cancer metastasis
Regarding the observation of single metastatic sites in these prostate cancer patients, bone metastasis was the most common metastatic site (70.6%), followed by NRLN (6.4%), the lung (1.4%), liver (0.7%), and brain (0.2%). In cases with multiple metastatic sites, bone-related metastases occurred commonly at the bone + NRLN (12.9%; n = 1313). The 8040 cases of single site metastasis were compared to the 2107 bone-related metastatic sites. We found that, compared to the results found in patients with a single metastatic site, bone and lung metastases were more often observed in patients in the older-aged group than in patients in the younger-or middle-aged groups (77.2% vs. 66.3% or 74.5%, respectively, or 1.9% vs. 1.2% and 1.4%, respectively; P < 0.001). However, the proportion of NRLN metastasis was lower in patients of the older-aged group than in patients of the younger-or middle-aged groups (3.8% vs. 7.5% and 6.0%, respectively, P < 0.001).
Univariate survival analysis of patients with mPCa
We then performed a univariate analysis of the patients with a single metastasis site for survival significance (Table 2 ). Our data shows that age, insurance and marital status, race, the PSA level, Gleason score, tumor T, N, and M stages, surgery, and radiotherapy were prognostic factors for the overall survival (OS) rate (P < 0.05). Moreover, compared with the cases of bone metastases, patients with NRLN or lung metastasis had a better OS rate (P < 0.05), whereas patients with liver metastasis had a poor OS rate (P < 0.05). However, there was no statistical significance in the OS rate of patients with brain metastasis (P = 0.19).
Furthermore, analysis of the data regarding patients with bone-related metastases showed that age, race, PSA level, Gleason score, tumor T and M stages, radiotherapy, and chemotherapy all had an effect on the OS rate (P < 0.05; Table 3 ). Compared with the data regarding patients with bone + NRLN metastasis, the OS rate of patients with bone + lung, bone + liver and bone + brain metastasis were poor (P < 0.05). Figure 2 shows the OS rate of the patients with a single metastasis and patients with bone-related metastasis.
Multivariate survival analysis of patients with single site metastases stratified by age
We then performed multivariate analysis and found that metastasis sites, together with age, insurance and marital status, race, PSA level, Gleason score, tumor T and N stages, and surgery, were all independent prognostic predictors for the OS rate (P < 0.05; Table 2 ). We then stratified our data by age groups and found that there was a significant difference in the OS rate of patients with different metastatic sites (P < 0.001, Fig. 3 ). In the younger age group, patients with NRLN metastasis had a better OS rate than those with bone metastasis (HR, 0.59, 95%CI, 0.47-0.73, P < 0.001; Table 4 ). In this age group, cases of liver metastasis tended to have the worst OS rate, although patients with PCa lung, brain, and bone metastases had a similar prognosis (P > 0.05; Table 4 ). In the middle-aged group, the risk of death for patients with NRLN and lung metastasis was similar. However, the prognosis of patients with NRLN and lung metastasis was better than that of cases of bone metastasis (P < 0.05; Table 4 ). Furthermore, the prognosis of patients with the liver and brain metastases was similar to those with bone metastases. In the older-aged group, there was no significant difference in the prognosis of patients with NRLN, lung, or brain metastasis (P > 0.05; Table 4 ). However, in this age group, the OS rate of patients with liver metastasis was still the worst (P = 0.009; Table 4 ). 
Multivariate survival analysis of patients with bone-related metastases stratified by age
Our data shows that the metastatic site, together with age, race, Gleason score, tumor T stage, radiotherapy, and chemotherapy, were all independent prognostic predictors for the OS rate of patients with mPCa (P < 0.001; Table 3 ). Among the patients with bone-related metastases, there was poor an OS rate in patients with a Gleason score of 10 or more (HR, 1.67, 95%CI, 1.25-2.23, P < 0.001) of T4 stage (HR, 1.39, 95%CI, 1.13-2.71, P = 0.002).
Moreover, the Kaplan-Meier curves that were stratified by age show that there was a significant difference in the OS rate among patients with different organ metastases (P < 0.001; Fig. 4) . We analyzed the difference in the OS rate of patients with bone-related metastases among these three groups, stratified by patients' age, and found that the metastatic sites in the middle-and elderly-aged groups had the same prognosis in terms of the bone-related metastases; thus, the data from these two groups were combined. In the younger aged group, there was no statistical difference in the OS rate in patients with bone + NRLN and patients with bone + lung metastasis (P > 0.53; Table 5 ). Compared to the results of patients with bone + NRLN metastasis, the OS rate of patients with bone + brain and bone + liver metastasis was poor (HR, 1.95, 95%CI, 1.20-3.16, P = 0.007 or HR, 2.20, 95%CI, 1.72-2.81, P < 0.001; Table 5 ). However, patients with bone + liver metastasis showed the worst OS rate.
In the elderly-aged group, the OS rate of patients with bone + liver or bone + lung metastasis was worse than those of patients with of bone + NRLN metastasis (HR, 2.22, 95%CI, 1.68-2.92, P < 0.001 or HR, 1.54, 95% CI: 1.254 1.900, P < 0.001; Table 5 ). Patients with bone + liver metastasis had a higher risk of death than patients with bone + lung metastasis. There was no statistical significance in the difference in the OS rate of patients with bone + brain and bone + NRLN metastasis (P > 0.05; Table 5 ). Thus, our current study suggests that the OS rate of patients with bone + lung or bone + NRLN metastasis was similar in the younger patient population. However, the difference in the OS rate of patients with bone + brain or bone + NRLN metastasis in elderly-aged patients was not statistically significant. 
Discussion
During the past three decades, the incidence of cancer has increased globally and cancer prognosis is inversely associated with cancer invasion and metastasis [22] . Metastasis is a truly multifaceted process that involves tumor cell proliferation, migration, and invasion to nearby or distant lymph nodes or to the blood stream followed by the establishment of a metastatic site, angiogenesis, and formation of metastatic tumor lesions [23] . Prostate cancer usually metastasizes through lymph nodes to the bone or other organs. Approximately 15% of patients with prostate cancer have visceral metastases [6] . To date, there is no standard treatment for patients with mPCa; thus, the identification of patients with prostate cancer that have a better prognosis could provide us with guidelines for the selection of different treatment options. In the current study, we compared the clinicopathological features and overall survival rate of patients with mPCa after stratification by the age of patients and by the observation of a single metastasis vs. bone-related metastases. We found that bone metastasis was the most common type of metastasis (70.6%), followed by NRLN (6.4%), the lung (1.4%), liver (0.7%), and brain (0.2%). In cases of mPCa with multiple metastatic sites, bone-related metastases occurred commonly at the bone + NRLN (12.9%; n = 1313). The multivariate survival analysis of patients with single site metastases showed that metastasis sites, age, insurance and marital status, race, PSA level, Gleason score, tumor T and N stages, and surgery were all independent prognostic predictors for the OS rate. Multivariate survival analysis of patients with bone-related metastases also showed that the metastatic sites, age, race, Gleason score, tumor T stage, radiotherapy, and chemotherapy were all independent prognostic predictors for the OS rate. In patients of the younger-aged group with a single metastatic site, patients with NRLN metastasis had a better OS rate than those with bone metastasis, while patients with liver metastasis had the worst OS rate. Moreover, in patients of the younger-aged group with multiple metastatic sites, there was no statistical difference in the OS rate of patients with bone + NRLN metastasis from patients with bone + lung metastasis. Compared to the results of patients with bone + NRLN metastasis, the OS rates of patients with bone + brain and bone + liver metastasis were poor. However, patients with bone + liver metastasis had the worst OS rate. In addition, in patients in the elderly-aged group with multiple metastasis sites, the OS rate of patients with bone + liver or bone + lung metastasis was worse than those of patients with of bone + NRLN metastasis, while patients with bone + liver metastasis has a higher risk of death than patients with bone + lung metastasis.
The reason for the observed high incidence of prostate cancer metastasis to the bone could be because of the interaction between metastatic prostate cancer cells and the bone microenvironment or because of the ability of the bone to attract tumor cells through the production and release of chemokines [24, 25] . Moreover, many age-related factors, including immune response and chronic inflammation, could also play a role in prostate cancer metastasis [26, 27] . The "seed and soil hypothesis" may partly explain the phenomenon of different metastasis sites and patterns for cancer metastasis [28] . Our current research revealed that older Caucasians and younger African Americans were more likely to develop mPCa, while younger patients with mPCa had higher T and N stages, which was consistent with previous findings [17] . In the current study, we selected the age of 70 years as the cut-off value. This age was selected for the following reasons: 1). The median age of the cohort of samples was 70 years old, 2). The X-tile software was used to select these three groups of age stratification and an age of less than 70 years old showed the best prognosis, and 3). Culp et al. showed that an age ≥ 70 years was a risk factor for patients undergoing local therapy to be associated with an increased risk of cancer-specific death [29] .
Our current study demonstrated that, in elderly patients, the prognosis of prostate cancer patients with bone, NRLN, or lung metastasis is similar. This may be because this group of patients had other diseases or related complications; however, this study does not provide proof in support of this hypothesis and, thus, further prospective studies are required. Furthermore, patients with bone-related metastases, such as bone + lung or bone + NRLN metastasis also showed similar rates of OS in the younger group, whereas patients with bone + liver or bone + brain metastasis in the elderly age group had a poor OS rate. According to previous studies, prostate cancer patients with bone ± NRLN metastasis were generally treated locally, through cytoreductive prostatectomy or radiotherapy to improve prognosis [30, 31] . However, most of these studies excluded prostate cancer patients with visceral metastasis, leading to a poor prognosis of patients with visceral metastasis [32] . Our current data indicate that prostate cancer with bone + lung or bone + NRLN metastasis had similar prognosis in younger patients; thus, we may consider more radical treatment options to improve their prognosis. In addition, the elderly-aged group of patients with prostate cancer that had bone + lung metastasis had a higher death risk than those with bone + NRLN metastasis. We therefore, speculate that treatment of prostate cancer patients with metastasis could be more personalized to improve the survival rate of patients as well as the quality of life. Thus, our current study suggests that 1) differences in the baseline characteristics of mPCa cases, such as age, could alter the treatment options and survival rates of patients; 2) our current data could help us to better understand the biological characteristics of the disease, leading to the development of novel treatment strategies [33] . For example, individuals with visceral metastasis often had a poor prognosis; thus, metastasis-directed treatment options led to improving the prognosis of mPCa [34] .
To date, the treatment of prostate cancer that is selected depends on the stage of the disease, the Gleason score, and the PSA level for surgery and chemical/radiotherapy; however, age and patient health, and persons' views of treatment effectiveness, and their possible side effects should also be taken into account, in addition to quality of life and life expectations [35] [36] [37] [38] [39] . Furthermore, based on age grouping, patients with different types of prostate cancer metastasis had different overall survival rates; for example, in a single metastases organ site, our current study showed that cases of prostate cancer with NRLN metastasis had a lower risk of death than those with bone metastases in the younger group. Adnan et al. have also reported that the prognosis of patients with NRLN metastasis was better than those with bone metastasis [31] . However, Shou et al. demonstrated that there was no difference in prognosis between patients with lung and bone metastasis [40] . In addition, our current findings show that patients with liver metastases had the worst overall survival, which is consistent with the findings from a previous study showing that prostate cancer with liver metastasis was associated with a shorter overall survival time [41] . Indeed, the probable reason for this finding is because prostate cancer with liver metastasis is often associated with neuroendocrine differentiation (NED) [42] , which leads to an increase in tumor cell dedifferentiation, androgen receptor deficiency, and resistance to hormone therapy [43] .
However, our research does have some limitations; for example, we were unable to collect data on endocrine therapy and other variables related to transfer loads, such as quantity, size, and exact location from the SEER database. Moreover, information regarding specific metastasis sites was only available in the SEER database after 2010. Because of this, we may not be able to ensure an adequate sample size and follow-up duration. In addition to the age at diagnosis, several other factors may also affect the overall survival. For example, chemotherapy, radiation therapy, and surgery may be more widely available to young patients with mPCa, whereas elderly patients may have complications that lead to disease progression. Thus, future study should further verify our current data.
Conclusions
In conclusion, patients with lung metastases or younger patients (≤ 70 years old) with bone + lung metastases had better prognosis. Thus, patients with other organic metastasis could be treated more aggressively to achieve better overall survival.
